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Abstract 
This thesis focuses on the methodology development based on MALDI-TOF mass 
spectrometry to evaluate the molecular weight (MW) and molecular weight 
distribution (MWD) of water soluble polysaccharide from a natural mushroom. 
Ganoderma Lucidum was chosen because of the extensive literature coverage and its 
importance as herbal medicines. In the present study, various aspects of extraction 
and purification procedure for water-soluble polysaccharide from Ganoderma 
Lucidum were studied with the target of meeting the analytical requirements of 
MALDI-TOF mass spectrometry. Hot methanol rinsing of the homogenized 
mushroom was found to be a critical step prior to the actual solvent extraction 
procedure. No subsequent purification step, such as desalting and deproteination, 
was required for successful MALDI analysis. The molecular weight (MW) and 
molecular weight distribution (MWD) information for water-soluble polysaccharide 
extract were obtained by using a previously developed MALDI-based methodology. 
This method involves fractionation by gel permeation chromatography (GPC); 
MALDI analysis of low-mass fractions; mass calibration of the GPC elution; and 
relative quantification of the polysaccharide content for GPC fractions using 
phenol-sulfuric acid assay. Using this method, the molecular weight profile of the 
water-soluble polysaccharide from Ganoderma Lucidum could be computed. In this 
project, two extraction procedures, including (a) direct water extraction and (b) 
DMSO extraction followed by water back-extraction, were evaluated. Comparing 
these two extraction procedures, the DMSO extraction method gave slightly higher 
average molecular weights and larger polydispersity. This is consistent with the 
strong solvent strength of DMSO towards polysaccharides and higher penetration 
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Mushrooms have been widely consumed not only for their taste and nutritious 
composition, but also for their therapeutic value. A number of bioactive molecules, 
have been identified in many mushroom species. In particular, polysaccharides or 
polysaccharide-protein complexes derived from mushrooms have received much 
attention in biomedical research. One of the most promising activities of these 
polysaccharides is their immuno-modulation and anticancer effect. Polysaccharides 
differ greatly in their chemical composition and configuration, and physical 
properties. It is reported that the antitumor activities of polysaccharides are highly 
correlated to some structural features such as the types of inter-sugar linkages [1], 
molecular weight, degrees of branching, conformation, and chemical modifications. 
Polysaccharides with P-(l—3) linkages in the main chain and p-(l—6) branching 
[2-4] show high antitumor activities[l]. Also, it has been shown that different 
structure of antitumor polysaccharides significantly affect their efficiency of 
antitumor activity. Table 1.1 summarizes the common medicinal mushrooms found 
in China and Japan. These mushrooms were known to have medicinal values to treat 
different types of cancers, such as stomach, esophagus, testis and lung cancers [5]. 
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Table 1.1 A summary of common medicinal mushrooms in China 
and Japan 
Scientific name Drug name in Japan and China 
Fomitopsis officinalis -
Lenzites betulina Kashuyoko 
Coriolus versicolor PS-K 
Phellius rgniarius -
Ganoderma applanatum Baikisei, Zyuzetsu 
Cordyceps sobolifera Semitake 
Grifola umbellate Chyorei, Shirei 
Fomitopsis pinicola Kosonmin 
Fomotopsis semilaccata -
Grifola frondosa Tochyukaso 
Laetiporus sulphureus -
Poria cocos Bukuryo 
Ganoderma Lucidum Reishi 
Ganoderma neo-japonicum Shishi, Mokushi 
Phelllinus yucatensis -
Polyporus mylittae Raigan 
Ganoderma Lucidum is a well-known medicinal fungus which belongs to the 
Polyporaceae family. The common name of this mushroom in China and Korea is 
Ling Chi, or Ling Zhi; and the common name in Japan is Reishi or Mannentake (10， 




Figure 1.1 A photograph of Ganoderma Lucidum 
Ganoderma Lucidum has a woody textured with a shiny surface. The cap is circular 
to semicircular, fan- or kidney-shaped with a typical diameter in the range of 5 to 20 
cm. Its' color is dull red to reddish brown, and sometimes nearly black. The stem is 
white to yellow. The taste of Ganoderma Lucidum depends upon strain. Strains with 
high triterpenes content are characteristised with intense bitterness. Ganoderma 
Lucidum is primarily saprophytic, but may be parasitic. It grows on a wide variety of 
dead or dying, deciduous trees, such as oak, maple and elm. In Asian countries, it is 
found primarily on the base, roots, or stumps of hardwoods [6, 7]. The color and the 
shape of Ganoderma Lucidum depend on the growing conditions. However, the 
influence of the growing environments and hence their taxonomies on the chemical 
and pharmacological properties remains largely un-explored. 
For centuries, the Chinese and Japanese literature has heralded this mushroom for its 
health invigorating effect. It has been used to treat hepato-pathy, chronic hepatitis, 
nephritis, gastric ulcer, hypertensin, arthritis, neurasthenia, insomnia, bronchitis, 
asthma and poisoning. Despite the long history of clinical applications of 
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Ganoderma Lucidum and numerous related research programs on the chemical basis 
for their therapeutic actions, little is known regarding the actual healing mechanisms. 
A number of bioactive molecules have been identified in the extract of Ganoderma 
lucidum. For instance, ganoderans A, B, and C have been shown to exhibit strong 
hypoglycemic effect [8]; whereas ganoderic acids have anti-coagulating effects on 
the blood and lower cholesterol levels. More importantly, polysaccharides, such as 
(l-^3)-P-D glucans [9, 10], can stimulate helper T ’ cell production which would in 
turn attack tumor cells [11]. The low-molecular weight polysaccharide fractions of 
Ganoderma Lucidum extract, have also been shown to prolong the survival of human 
lymphocytes after exposure to HIV. Lymphocytes not treated with this 
polysaccharide would die shortly after exposure to the virus. 
1.2 Polysaccharides isolated from Ganoderma Lucidum 
Polysaccharides constitute a structurally diverse class of biological macromolecules. 
In comparison with other biopolymers such as proteins and nucleic acids, 
polysaccharides offer the highest capacity for carrying biological information 
because they have the greatest potential for structural variability, which is the basis 
for the different applications in the broad field of pharmacy and medicine. Because 
of the high structural variability, different polysaccharides in herbal plants, such as 
Ganoderma Lucidum’ show large deviations in solubilities in different solvents. For 
instance, the water-insoluble polysaccharides in hemicellulose can be extracted with 
alkali or DMSO in high yield. However, only limited solvent systems were available 
in the literature for effective extraction of polysaccharides from herbal plants. These 
extraction solvents include hot water, ammonium oxalate solution, alkali solution, 
and dimethyl sulfoxide (DMSO). 
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Miyazaki and Nishijima [9] isolated a water-soluble antitumor polysaccharide (GL-1) 
from the fruit bodies of Ganoderma Lucidum using hot water. The average molecular 
weight was estimated to be 40,000. GL-1 consisted of glucose, xylose and arabinose 
in the molar ration of 18.8 : 1.5 : 1.0. GL-1 showed strong antitumor activity and 
inhibited the growth of Sarcoma 180. It was characterized to be a branched 
arabinoxyloglucan with (1^3)- P-, (1—4)- p. and (1^6)- (3- linkages. 
In 1989, a water soluble acidic polysaccharide GL-A was isolated from the fruit 
bodies of Ganoderma Lucidum by alkali extraction. The dried fruit bodies of 
Ganoderma Lucidum were extracted with distilled water and the hot water insoluble 
material was extracted exhaustively with 0.5M sodium hydroxide. GL-A consists of 
D-glucose and D-glucuronic acid in a molar ratio of 1.0 : 2.4. Methylation analysis 
and partial acid hydrolysis concluded that GL-A has a linear structure consisting of 
1,3- and 1,4-linked p-D-glucopyranosyl and 1,3-linked 
P-D-glucuronopyranosylglucosidic residues. The molecular weight of GL-A was 
found to be 27,000 [12]. 
Using O.IM sodium hydroxide solution as solvent, a water-soluble neutral 
heteroglycan [10] was also extracted from Ganoderma Lucidum by the same research 
group. This heteroglycan has an average molecular weight of 38,000 and was found 
to be composed of mannose, xylose, and fucose. It is of interest that the component 
sugars of the water-extracted, main polysaccharide were glucose, xylose, and 
arabinose, those of the 0.0IM sodium hydroxide-extracted, water-soluble fraction 
were glucose and mannose, and as just described, those of the O.IM sodium 
hydroxide-extracted water soluble fraction, were mannose, xylose, and fucose. 
Kishida and co-workers isolated several branched (1—3)- P-D-glucans from 
Ganoderma Lucidum after repeated extractions with sodium hydroxide as solvent 
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[13]. These glycans were found to contain a backbone of (1—3)-linked D-glucosyl 
residues. Many main chain residues were branched with single D-glucosyl groups at 
0-6 positions. Some main chain residues were also branched with short chains of 
(1—4)-linked glucose units at theO-2 position. Using 0.5M sodium hydroxide 
solution as solvent, a polysaccharides designated as P-D-glucan LB-NB was isolated 
from Ganoderma Lucidum. Its molecular weight is 4.7 x [14]. 
It is generally found that different extraction conditions might isolate glucans with 
different degrees of branching and molecular weights [15, 16]. For instance, a 
DMSO-extracted p-D-glucan was found to have somewhat longer side chains of 
(1—6)-linked D-glucosyl units than p-D-glucans extracted with other solvents [15]. 
Since the antitumor and immunomodulatory activities of bioactive polysaccharides 
are known to depend somewhat on the average molecular weight [17，18], degree of 
branching, conformation, and chemical modifications, a better understanding of the 
correlation between the extraction conditions and the structural properties of the 
isolated polysaccharides is desirable. 
1.3 Conventional methods for molecular weight (MW) 
determination of polysaccharides 
A complete description of the molecular weight distribution of polysaccharides is 
important to understand its physical, theological, and mechanical properties. In many 
applications, there seems to be an optimum range of molecular weight in which the 
physical and structural properties of a particular polysaccharide are most suitable. 
Many analytical methods are capable of giving information regarding the average 
molecular weight of a polymer. Depending on the principles of the analytical 
6 
methods, the measured molecular weight averages can be sub-divided into number-, 
weight-, Z-，(Z+1)- and viscosity- averages. Al l these molecular weight averages 
except the viscosity average have unique values for a given polymer. For viscosity 
average molecular weight, the measured value depends on the composition of the 
solvent and surrounding temperature. In the following sections, the pros and cons of 
some widely used analytical methods for characterization of molecular weight of 
polymer would be briefly described. 
1.3.1 Osmometry 
Osmotic pressure (O) of a polymer solution is a colligative property of the solution 
and is quantitatively related to the number-average molecular weight (Mn) and the 
concentration of the dissolved polymer using the following equation: 
— = — [ 1 . 1 ] 
RT M„ ' ‘ 
where C is the concentration of the solution, T is the temperature and R is the gas 
constant. By measuring the osmotic pressure of the polymer solution at different 
polymer concentrations, a plot of n/RTC against C will give a straight line with an 
intercept of 1/Mn. Because of high sensitivity and the ease of measurement, 
osmometry has been widely applied to the study of lipids, emulsifiers and polymers. 
However, the accuracy of the measurement becomes poor for polymers with average 
molecular weight in excess of 100,000. 
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1.3.2 Light Scattering 
Laser light scattering experiments measure the intensity of the scattered light by the 
macromolecules at different angles 0 using a monochromatic light beam. Through 
the use of a series of analyte solutions of different concentrations, a Zimm plot can 
be constructed based on the following equation [19, 20]: 
where C is the concentration of the polymer solution, Ks is the optical factor and Re 
is the Rayleigh Ratio, A2 is the second virial coefficient and P(6) is a. shape factor. 
Extrapolating KSC/RQ at low 0 values, 1/ Mw can be obtained as the intercept with 
the ordinate axis. A drawback of the light scattering experiment is the necessity of 
using a "good" solvent and eliminating trace amount of suspensible particles in the 
analyte solution. Good solvent eliminates aggregation of molecules in solution. The 
presence of unexpected sample aggregation would lead to an over-estimation of the 
MW and MWD The presence of suspensible particles could also contribute 
substantially to Re, especially at small scattering angle, 0. Since Re is linearly 
correlated with Mw, laser light scattering method is particularly useful for analysis of 
high molecular weight substances, i.e. Mw > 10^-10^ Daltons. The sensitivity of LLS 
decreases sharply as the size of the molecules becomes smaller [21]. 
1.3.3 Intrinsic Viscosity 
It is well-known that there exists a relationship between the viscosity and molecular 
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weight of a polymer. The intrinsic viscosity of a polymer is related to the 
viscosity-average molecular weight {M) through the Mark-Houwink Sakurada (MHS) 
equation: 
.7]\=K�M� [1.3] 
where K' and a are the Mark-Houwink constants that are specific for every 
polymer-solvent combination. Intrinsic viscosity {[r\]) of a polymer solution can be 
obtained by measuring the viscosities (r|) of a polymer solution at different 
concentrations. By plotting the quantity {C"\r|-rio)/ r|o} against C, the intrinsic 
viscosity ([r|]) of the polymer solution can be obtained by extrapolating the 
regression line back to zero concentration, where r|o is the viscosity of the solvent 
and C is the concentration of the polymer solution. Viscosity measurement is simple, 
fast and requires inexpensive apparatus as compared with other methods, such as 
light scattering. However, the measurement is very sensitive the experimental 
conditions such as temperature and pressure. In addition, the MHS constants are only 
known for a limited number of polymer-solvent combinations. 
1.3.4 Size Exclusion Chromatography (SEC) 
Size exclusion chromatography (or gel permeation chromatography) is a 
chromatographic technique, which separates analyte molecules according to their 
hydrodynamic volumes [22]. The polymer is dissolved in an appropriate solvent and 
is introduced onto a column packed with porous particles of fairly defined pore size 
and is carried through the column by the SEC mobile phase. The SEC mobile phase 
is generally the same solvent used to dissolve the polymer. As the analyte molecules 
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are eluted through the column, smaller molecules have high chances to penetrate into 
the pores in the beads and thus taking a longer path through the column than the 
larger molecules. Size separation is achieved by differential pore permeation. Larger 
molecules with small pore permeation would elute faster than smaller molecules. 
Despite of the simplicity of operation, the retention time is related to the 
hydrodynamic volume of the molecule rather than the molecular weight. Different 
solutes might have similar hydrodynamic volumes but different molecular weights. 
However, they wil l be eluted through the column at the same retention volume. SEC 
cannot therefore be used as a molecular weight determination method unless proper 
calibration is done or a molecular weight detector is coupled to the instrument, such 
as light scattering or viscometer detectors [23]. Accurate mass calibration of the 
retention time requires the use of appropriate standards. A good standard must have 
similar hydrodynamic volume to molecular weight relationship as compared to the 
target analyte. However, only limited narrow molecular weight standards are 
commercially available including polystyrene (PS) and poly(methyl methacrylate) 
(PMMA) for non aqueous SEC; and poly(ethylene oxide), pullulan, dextran, and 
sodium poly(styrene sulfonate) for aqueous SEC [24]. Calibration problem is 
particular severe in polysaccharide analysis because of the large variability of the 
structural features and hence swelling properties under different solvents. 
1.3.5 Mass Spectrometry 
Mass spectrometry (MS) is an absolute method that can generate the MW and MWD 
information of polymers. Since the mass spectrometry measurement is made in 
gas-phase and the sample is in a solvent-free condition, the spectral calibration 
requires only reference standards of known masses. Polysaccharide, unlike protein 
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and nucleic acid, is a mixture of different molecular species with the same or at least 
similar monomeric units but different number of this/these unit(s). Since it is neither 
possible nor desirable to characterize each species individually, polysaccharides (and 
in fact all polydisperse polymers) are commonly described by the average molecular 
weights. There are two common methods to evaluate the average molecular weight 
of a polymer, including number-average ) and mass-average (m^ ) molecular 
weights. The number-average molecular weight is obtained by dividing the 
measurable property using the number of molecules having that property. 
Accordingly, the number-average molecular weight M’、is given by: 
——y Mi 
[1.4] 
where the subscript n denotes the number-average and Ni represents the abundance 
of molecular species with /-repeating monomeric units . In this equation, Ni can be 
replaced by any measurable property that is proportional to number of molecules. 
The weight-average molecular weight is, on the other hand, obtained by 
dividing the measurable property using the mass of the material having that property 
as given by: 
‘ ‘ [1.5] 
where the subscript w denotes the weight-average. The ratio of these molecular 
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weight averages M^ / is often used as a characteristic of the polydispersity (PD) 
of the polymer. 
The main limitation of mass spectrometry for analysis of high-mass biomolecules, 
such as proteins, DNA fragments and polysaccharides had been the inability of 
generating representative, intact sample ions from the samples in condensed phase. 
With the introduction of matrix-assisted laser desorption / ionization (MALDI) 
[25-29] and electrospray ionization (ESI) [30，31] methods, intact molecular ions 
with masses up to hundreds of thousand Daltons can now be generated and analyzed. 
Among these methods, electrospray ionization mass spectrometry (ESI-MS) has not 
been widely adopted for the analysis of polymeric materials. This is due to the 
formation of multiply charged ion distributions which interfere with establishing the 
molecular distribution in the mass spectra of polymers. Therefore, it is much better 
suited for the analysis of nearly monodisperse polymer. On the other hand, 
matrix-assisted laser desorption/ionization mass spectrometry (MALDI-TOF MS) is 
more applicable to the analysis of polymer because it mainly produces singly charged 
species with hardly any fragmentation, which in general can be interpreted easily. It 
has become a widespread analytical tool for synthetic polymers, peptides, proteins, 
and most other biomolecules (oligonucleotides, carbohydrates, natural products and 
lipids). 
1.4 Matrix-assisted Laser Desorption / Ionization Mass 
Spectrometry 
Matrix-assisted laser desorption / ionization (MALDI) measurement involves mixing 
the analyte of interest with a large molar excess of matrix compound with ratios 
ranging from 100:1 to 50,000:1 [32]. The matrix material is usually an organic acid 
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(or ultrafine metal powders) with strong absorption at the wavelength of the laser, 
and with good miscibility with the analyte molecules in the solid state after removal 
of solvent [33]. The matrix molecules absorb the photon energy generated from laser 
light and are resonantly excited to high electronic and vibrational states. Through 
presumably the vibrational excitation, a coherent expansion of the excited matrix 
molecules might occur. Because of the confinement of the expansion by the adjacent 
‘cold’ crystal lattice, the expansion might translate into a propelling force which 
leads to the generation of a plume of matrix and analyte molecules towards the 
vacuum. Many chemical reactions are believed to occur in the expansion plume due 
to the presence of highly mobile photochemically excited matrix-related species. A 
small fraction of the entrained analyte molecules are then ionized through the 
attachment of co-vaporized metal species and/or through proton transfer reactions 
with the co-desorbed matrix species. The analyte molecules are then protonated and 
metal-ion adducted in positive mode or deprotonated in negative mode mass 
spectrometry. Figure 1.2 shows the principle of the MALDI method. Because of the 
pulsed nature of the laser desorption, the MALDI method is usually coupled to a 
time-of-flight (TOF) mass spectrometer. Besides the pulse nature of the analyzer, 
TOF has other advantages including unlimited mass range, high sensitivity and high 
throughput [34]. 
1.5 MALDI-TOF Mass Spectrometry of polysaccharides 
The use of the MALDI mass spectrometry method for characterization of molecular 
weight and molecular weight distribution of polysaccharides has attracted limited 
attention. One of the reasons is related to the difficulties in getting suitable 
experimental conditions for MALDI measurement. Matrix and solvent selection is 
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perhaps the most demanding parameter for such MALDI applications. Among 
dozens of commonly used matrices, only 2,5-dihydroxylbenzoic acid (DHB) can 
produce useful MALDI signals for different polysaccharide standards [35]. Another 
practical problem is related to the search for a solvent system which could dissolve 
both matrix materials and polysaccharide samples with a solution pH that does not 
interfere with desorption / ionization function(s) of the matrix. It is well known that 
DHB and many other common acid matrices lose the matrix properties when the 
solution pH is adjusted to a value higher than their pKa values [32]. However, 
polysaccharides generally have relatively poor solubilities in water (and other 
common solvents, such as methanol, acetonitrile，tetrahydrofuran (THF) and 
dichloromethane (DCM) and dissolves well only in very basic solution (such as 1 -2 
M NaOH) and in relatively non-volatile dimethyl sulfoxide (DMSO). It has also been 
demonstrated that the detection efficiency of high-mass components is lower than 
low-mass components of a series of homologues under typical TOF MS analysis 
conditions. This mass discrimination would lead to a systematic underestimation of 
the average MW for polymers with high polydispersity. Several factors have been 
shown to contribute to the overall discrimination effect, including sample preparation 
methods, multimer and multiply-charged ion formation, and the type and 
concentration of cationization reagents [36-40]. Instrumental parameters affecting the 
ion transmission and ion-to-electron (or ion-to-ion) conversion [36, 41，42] have also 
been found to cause mass discrimination in characterizing polydisperse samples. 
Nevertheless, it was demonstrated that MALDI-TOFMS can provide accurate 
molecular weight information for polymers with relatively small polydispersity, i.e. 
PD < 1.2 [41，43-46]. Several strategies have been reported to cope with the problem 
of mass discrimination in MALDI. Off-line or on-line coupling of SEC method with 
MALDI could effectively generate narrow polydisperse samples for MALDI analysis 
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[47-51]. This method, however, requires additional procedures for normalization of 
the relative abundance of different SEC fractions. To solve the detector response 
problem, new detectors have been developed to provide even responses to ions of 
different masses [46, 52]. An off-line correction for the detector response was also 
developed to eliminate spurious components in the signal and generate a new 
spectral baseline [53, 54]. 
Only a few MALDI applications to polysaccharide analysis have been reported. 
Successfully MALDI-MS analysis of polysaccharide standards was by-large 
achieved through trial-and-error on the various experimental conditions [55-60], such 
as matrix and solvent selection, the use of co-matrix materials, and sample 
preparation methods. Since the analyte signal suppression effect in MALDI-MS 
measurement is well-understood, not many suppressing impurities have been 
identified. Preliminary MADLI-MS experiments on water-extractable 
polysaccharides from Ganoderma Lucidum failed due presumably to the presence of 
unfavorable suppressing impurities in the extracts. One of the main challenges of this 
project was to derive suitable clean-up procedures for water-soluble polysaccharides 
from Ganoderma Lucidum so that the polysaccharide extracts could be 
mass-assessed using MALDI-MS method. 
1.6 Outline of project 
The objective of the present study focuses on the development of methodology based 
on MALDI-TOF mass spectrometry to evaluate the molecular weight (MW) and 
molecular weight distribution (MWD) of water-soluble polysaccharides isolated 
from Ganoderma Lucidum. Our research group has successfully devised a series of 
MALDI based method for the analysis of synthetic polysaccharides, dextran and a 
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naturally isolated, bioactive and commercially available polysaccharide, curdlan. 
This project extends the MALDI method of analysis to polysaccharides isolated from 
a natural mushroom, i.e. Ganoderma Lucidum, was chosen. Chapter 1 gives an 
introduction of Ganoderma Lucidum and other background information. The 
instrumental conditions and general sample preparation procedures are reported in 
chapter 2. The first part of the study was conducted to extract water-soluble 
polysaccharides from Ganoderma Lucidum by water and by dimethyl sulfoxide 
(DMSO). Several purification protocols are proposed to remove unwanted impurities 
and to improve the quality of MALDI spectra. These procedures include ethanol 
washing, dialysis against deionized water and deproteination. The results are 
summarized and discussed in chapter 3. The second part of the study focuses on the 
evaluation of the MW and MWD of the water-soluble polysaccharides isolated from 
two extraction conditions, i.e. reflux extraction with water and DMSO as solvents. 
For the DMSO extracted polysaccharides, back extraction with water was performed 
to eliminate water-insoluble fractions. The actual experimental approach was 
by-large based on the previously published method for the analysis of dextran and 
curdlan [61, 62]. The results are summarized and discussed in chapter 4. Finally, 




































































Instrumentation and experimental 
2.1 Instrumentation 
Mass spectral data were collected using a Bruker Biflex time-of-flight (TOF) mass 
spectrometer (Franzen, Germany) equipped with a two-stage gridless reflectron 
mirror. Figure 2.1 shows a photograph of the time-of-flight mass spectrometer. The 
instrument can be divided into the following major components: a laser-based ion 
source, a time-of-flight analyzer, an ion deflector, a detector and a signal acquisition 
system. 
2.1.1 Laser-based ion source 
Figure 2.2 shows a photograph of the laser and associated optics in the MALDI-TOF 
mass spectrometer. A pulsed UV nitrogen laser (OEM VSL-337I, Laser Science, Inc., 
Newton, MA, USA) with 337 nm wavelength and a pulse-width of 3 ns was used to 
provide intense pulse of photons for desorption and ionization of sample under 
MADLI conditions. A beam splitter was used to direct -5% of the laser beam energy 
to a photodiode which generates a pulse to trigger the digitizer for data acquisition. A 
lens system was used to focus the laser beam and a UV mirror was used to reflect the 
laser beam on the target. The intensity of the laser beam reached the sample surface 
was controlled by a circular gradient neutral density filter. 
The sample plate was made of ferromagnetic stainless and had ten defined sample 
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positions. It was positioned on a retractable probe. A gate valve (VAT, Germany) was 
used to separate the probe region from the source chamber. The probe region was 
first isolated from atmospheric pressure and was evacuated to 〜lO.? Torr by using a 
rotary pump (E2M1.5, Edwards, Germany). After inserting the probe into the source 
chamber, the pressure was further reduced to 6 x 10"^  Torr by a 250 L turbomolecular 
pump (Germany). Selection of sampling position was under computer-control along 
a circular path through the on-axis rotation of the sample probe. A CCD camera was 
used to facilitate the viewing of the sample during laser irradiation. 
2.1.2 Time-of flight (TOF) analyzer 
The time-of-flight analyzer is comprised of an ion acceleration region, a field-free 
drift region, and a reflection mirror (for high-resolution reflectron-TOF analysis). 
The ion acceleration region is composed of a three-electrode delayed-ion extraction 
system [63, 64] and an Einzel lens focusing system. After insertion into the source 
chamber, the sample plate served as the first electrode (ISl) and was floated at the 
desired acceleration potential (Visi). Sandwiched between the ISl and a grounded 
electrode is the second electrode (IS2). The potential loaded onto IS2 was toggled 
between two valves, i.e. the user-defined Visi and Vis2 voltages. Typical Visi and 
Vis2 voltages used in the present study were +19.00 kV and +14.25 kV，respectively. 
Prior and during the laser irradiation, the IS2 was floated at Visi to generate a 
field-free desorption environment for the MADLI-derived ions. Since 
MALDI-derived ions have broad initial desorption velocities, the desorbed ions drift 
from ISl to IS2 at different velocities. For a fixed short delay time (in the order of 
nanoseconds), ions with higher initial desorpiton velocities would move closer to IS2 
than ions with lower initial desorption velocities. The potential at IS2 was then 
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pulsed rapidly down to Vis2. The potential gradient generated across ISl and IS2 then 
accelerated and extracted the desorbed ions. Ions closer to the IS2 would acquire less 
energy through the acceleration than ions closer to the ISl. An energy compensation 
situation would be result leading to a narrowing of the velocity distribution for ions 
of the same mass-to-charge ratios. Upon exiting the third grounded-electrode, ions of 
different masses would acquire the same kinetic energy and thus different terminal 
velocities, as are given by: 
K.E. = ze{Vjs, 一 0)=去腳2 [2.1] 
where e is the unit electronic charge, z is the charge-state of the ions, and v is the 
terminal velocity of the ion of mass m. For an instrument with a field-free drift 
region of I , the time-of-flight (t) was given by: 
/ \ T 1 V 7、 
t = - = L - 、 W [2.2] 
The flight time t was inversely proportional to the ion terminal velocity v and hence 
proportional to the square root of the mass-to-charge ratios (m/z) of the ions. Since 
the real starting time of the ions was not identical to the rise time of the laser pulse, 
exact value of the mass scale could only accurately be obtained by mass calibration 
using the following general equation[65]: 
[2.3] 
























































































To further improve the instrumental resolution, the instrument was also equipped 
with a two-stage gridless reflector mirror at the end of the field-free drift tube. A 
reflector mirror in a time-of-flight analyzer has several functions. It nearly doubles 
the flight path and hence the total flight time, t. Since a reflector mirror generates a 
retarding potential gradient, it reflects ions to the reflectron detector. Through the 
reflection process, ions with higher kinetic energies wil l penetrate deeper into the 
reflectron mirror and be reflected at a latter stage than ions of lower kinetic energies. 
This creates a flight time compensation based on the reflection flight paths. With the 
reflectron mirror, the spread of flight-time for ions of the same m/z but different 
terminal velocities can further be compensated by causing these ions to travel 
through different flight paths. Figure 2.3 shows a schematic diagram of a 
time-of-flight spectrometer operating in reflectron mode. 
2.1.3 Ion deflector 
A pair of orthogonally-positioned deflector electrodes (10 mm apart) was mounted 
behind the ion source. A maximum of 2 kV differential potential was loaded onto 
these deflector electrodes during the first few hundreds of microseconds to remove 
the unwanted low-mass matrix and related ions. Suppression of low-mass ions using 
pulse deflection could improve detector sensitivity for high-mass ions [66, 67]. 
2.1.4 Detector and data acquisition system 
The reflectron detector was a two-stage microchannel plate detector (MCP). MCP 
detector was chosen for its high-sensitivity and rapid response. Data acquisition was 
performed on an 0S9 computer and remotely controlled by a SUN workstation 
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(SPARC20) through the XMASS 4.0 (Bruker, Franzen, Germany). Signals from the 




























































































































































































2.2.1 Isolation of water-soluble polysaccharides from Ganoderma 
Lucidum by water extraction 
10 g of Ganoderma Lucidum were cut into small pieces and disintegrated in a 
blender after being frozen in liquid nitrogen for about one minute. They were then 
washed with ethanol (100 mL, 3 hours) to eliminate the low molecular components 
[68]. The washing procedure was repeated for 5 times at 70 °C. The obtained residue 
was extracted with deionized water at 100 °C (100 mL, 3 hours). The extract was 
decanted off from the plant material and the extraction repeated with fresh deionized 
water for 6 times. The combined water extracts were concentrated and precipitated 
by 5 volume of ethanol. They were then put in ice bath for two hours. The crude 
polysaccharides were collected by centrifugation and the ethanol supernatant was 
discarded. The sample was lyophilized. Crude polysaccharides (2.98g) were 
collected and were stored in desiccators for further use. 
2.2.2 Isolation of water-soluble polysaccharides from Ganoderma 
Lucidum by dimethyl sulfoxide (DMSO) extraction 
The same protocol used in section 2.2.1 was carried out but the deionized water was 
replaced by high-purity DMSO ( Sigma-Aldrich Laborchemikalien GmbH ) and the 
extraction was carried out at 80 °C. The yield of DMSO-soluble polysaccharides was 
5.30 g. Separation of the water-soluble and water-insoluble fraction was performed 
by back-extracting the crude polysaccharide using deionized water. The extraction 
was accelerated by using sonication for 1 hour. The solution was centrifuged to 
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obtain two layers. The top aqueous layer was tested for the presence of sugar content 
by phenol sulfuric acid assay. For samples showing a positive result, the aqueous 
layers were then collected and combined. The residue was re-extracted by deionized 
water. This process was repeated until the phenol sulfuric acid assay showed a 
negative result. The residue was discarded. The water-soluble portion was 3.35 g and 
it was lyophilized to solid for storage. 
2.2.3 Fractionation of water-soluble polysaccharide by Gel 
Permeation Chromatography (GPC) 
To separate the water-soluble polysaccharide, Sephadex G-75 superfine powder 
(Sigma Chemical Co., St. Louis. Mo., USA) with the separation range of MW 1,000 
-50,000 ( based on dextrans ) was used as stationary phase. An excess amount of 
deionized water was added to the Sephadex powder to form gel-liked mixture by 
stirring. It was then placed in an ultrasonic bath for 30 minutes. The supernatant was 
decanted to remove the fine particles. The supernatant was tested for the presence of 
sugar by phenol sulfuric acid assay. This process was repeated until the phenol 
sulfuric acid assay showed a negative result. After washing, the gel was allowed to 
swell in distilled water overnight to form a fairly thick suspension. The suspension 
was slowly poured into a glass column ( 2.8 cm x 35 cm) at room temperature in one 
step with the help of a reservoir. The prepared column was allowed to settle 
overnight before use. The water-soluble polysaccharide sample was dissolved in the 
minimum amount of deionized water. The sample solution (〜5 mL) was applied to 
the column slowly and carefully so as not to disturb the top layer of the bed. 
Fractions were collected every hour. The elution process was monitored by testing 
the eluent with the phenol sulfuric acid assay. 
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2.2.4 Bradford protein assay 
The bradford protein assay was used to determine whether or not protein was present 
in a sample solution. The sample solution (1 mL) was mixed with 1 ml of Bradford 
reagent. (Sigma Chemical Co., St. Louis. Mo., USA). The change of color from 
reddish brown to blue indicates a positive result. 
2.2.5 Phenol / sulfuric acid assay 
Phenol sulfuric acid assay was used to determine whether or not sugar was present in 
a sample solution. Sample solution (200 pL) and phenol solution (200 |LIL, 5 g / 100 
mL) was mixed, one mL of concentrated sulfuric acid (1.38 g / mL) was added 
directly to the solution. The solution was then shaken vigorously. Orange color 
indicates a positive result. 
2.2.6 Sample preparation in MS 
The preparation method adopted for analysis of water-soluble polysaccharides is 
similar to the conventional protocol used for water-soluble dextran analysis 
developed in our group. All matrices were purchased from Sigma Chemical CO. (St. 
Louis. Mo., USA), and used without further purification. 2,5-diliydroxybenzoic acid 
(2,5-DHB) (0.02g) and ~7 mg ammonium fluoride (NH4F) were dissolved in ultra 
pure water (18MQ) separately. Aqueous DHB and NH4F were mixed in 9:1 (v:v). 
The analyte solution was mixed with the matrix solution in an Eppendorf 
microcentrifuge tube. A 0.5 |LIL drop of the matrix/analyte solution was applied onto 
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the sample plate and allowed to dry under a stream of warm air. Different 
matrix/co-matrix ratios and cationizing agent were evaluated to obtain the most 
effective sample preparation method in terms of the signal acquisition and intensity. 
2.2.7 Calibration of MALDI-TOF MS 
The external calibration procedure is usually adopted for polymeric materials. A 
mixture of angiotensin II，ACTH, insulin (from Bovine Pancreas) and cytochrome 
C in DHB was used to generate the set of calibration constants in equation 2.3 in this 
project. A l l protein standards were purchased from Sigma Chemical Co. (St. Louis. 
Mo., USA). The m/z error of calibration was limited within +/- 0.1. 
2.2.8 Data analysis 
Al l mass spectra were obtained as a sum of 300 single-shot spectra. They were 
further smoothed by using 10-point unweighted moving-window average smoothing 
method to improve the signal-to-noise ratio. The information on the masses and 
intensities of the analyte signals were extracted from the MALDI spectra and were 
baseline subtracted in a Microsoft Excel worksheet. The number-averaged molecular 
weight, weight-averaged molecular weight and polydispersity were calculated using 
equations [1.4], [1.5] and [1.6], respectively. 
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Chapter 3 
Extraction and purification of water-soluble 
polysaccharides from Ganoderma Lucidum 
3.1 Introduction 
For hundreds of years，mushrooms have been valued as an edible and medical 
resource in China. Polysaccharide is one of the best known and most potent 
mushroom-derived substances with antitumor and immunomodulationg properties[69, 
70]. After years of intensive research on Ganoderma Lucidum, many reliable 
procedures for extraction, fractionation and purification of polysaccharides from fruit 
bodies, culture mycelia or spores have been developed[10,12]. Generally, the 
procedures involved elimination of low molecular weight substances using ethanol, 
followed by successive extractions with appropriate solvent. Water-soluble 
polysaccharides are usually extracted by hot water. Water-insoluble polysaccharides 
are extracted by either ammonium oxalate, sodium hydroxide or dimethyl sulfoxide 
(DMSO) solution. The extracted polysaccharides are then separated by different 
types of chromatographic methods. Depending on the characterization method, the 
extracted polysaccharides can be further purified by using a combination of 
techniques, including ethanol concentration, fractionation precipitation, 
deproteination by means of dialysis, ion-exchange chromatography, gel filtration, or 
affinity chromatography. 
In the conventional decoction method, the finely chopped Ganoderma Lucidum is 
boiled in large excess of water for hours. The pre-concentrated extract is then 
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ingested without further treatment. It is therefore logical to believe that an in-depth 
characterization of water-extractable polysaccharides is essential for understanding 
the bioactivity of the Ganoderma Lucidum. In this project, a commercially available 
Ganoderma Lucidum sample was obtained from local market and was extracted by 
using two different approaches, that is (a) direct water extraction under reflux 
conditions; and (b) DMSO extraction followed by back-extraction using water (see 
Chapter 4). It is well known that the solubility of compounds in a solvent increases 
with increasing temperature. High temperature facilitates penetration of the solvent 
into the cellular structure of the plant to be extracted. However, high temperature can 
also lead to thermal degradation of the compounds of interest. Preliminary studies 
had been performed to elucidate the thermal stability of polysaccharides. From a 
series of MALDI-MS analyse of polysaccharide standards (i.e. dextran) explored at 
different heating temperatures, it was concluded that polysaccharide samples are 
stable with extraction temperature up to 130 °C. Polysaccharide samples heated at 
140 °C did not generate useful MALDI signals. Therefore, the extraction 
temperatures used in water and DMSO extractions were fixed at 100 °C and 80 °C, 
respectively. To improve the extraction efficiency, a multiple extraction approach was 
employed. The extracts were pre-concentrated and combined prior to freeze drying. 
From our preliminary studies, the molecular weight and molecular weight 
distribution obtained from the crude sample extract were substantially lower than the 
literature values. It is postulated that the crude polysaccharide samples might contain 
undesirable impurities that would interfere with the subsequent MALDI analysis. 
This chapter aims to develop an efficient protocol for isolating polysaccharides from 
Ganoderma Lucidum for use in MALDI-MS analysis. This protocol includes steps 
for extraction and purification of the polysaccharides. In particularly, attempts have 
been made to determine the effect of salts and protein on the MALDI analysis of the 
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polysaccharides and to develop effective method(s) for elimination of salts and 
protein impurities from the polysaccharide extracts. 
3.2 Experimental 
3.2.1 Extraction efficiency 
Dried and powdered Ganoderma Lucidum (10 g) was refluxed in 100 mL of 
deionized water at 100 °C (or 100 mL DMSO at 80 °C) for three hours. The extract 
was collected by suction filtration. After the solution volume was measured, the 
filtrate was freeze dried. The weight of the extracted polysaccharide was measured. 
After the filtration, the extraction procedure was repeated using the solid residue. A 
total of eight extractions were performed for each solvent system. 
3.2.2 Dialysis 
Sample solution (30 mL) was put into Cellulose Ester (CE) dialysis membrane 
(Spectra ) with a molecular weight cut off of 1,000. The CE membrane was sealed 
by the universal closures ( Spectra ) and stirred against 3,000 mL of distilled water 
with a magnetic stirrer bar for three days. The water was replaced with fresh distilled 
water three times a day. 
3.2.3 Signal suppression effect 
DHB (20.0 mg) and 3-AQ (8.0 mg) were individually dissolved in 1.0 mL ultra-pure 
water. The DHB and 3-AQ solutions were mixed in 40:1 (v:v) ratio to form the 
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matrix solution. The analyte solution was formulated by mixing the appropriate 
amount of dextran 5000 solution (10 pmol) (Fluka Chemicals, Switzerland) and 
bovine insulin solution (2 pmol) (Sigma Chemical CO, USA). The matrix solution 
was mixed with the analyte solution in 50:1 (v:v). 0.5 |jL of resulting sample solution 
was applied onto the sample plate and was dried under a stream of warm air prior to 
mass spectrometry analysis. The experiment was repeated using different anlayte 
loading, i.e. 20 pmol dextran 5000. 
3.2.4 Sevag Method 
A solution mixture was prepared by mixing chloroform and 1 -butanol in a volume 
ratio 4 : 1 . This solution (30 mL) was mixed with 50 mL of sample solution in a 
separating funnel. The mixture was shaken vigorously in a fumehood for 30 minutes 
with occasional release of pressure. The mixture was then allowed to stand, and 
two immiscible layers developed. The bottom aqueous layer was then collected and 
mixed with chloroform and 1-butanol solution again. This solvent-solvent extraction 
procedure was repeated until a gelatinous precipitate was no longer formed. 
3.2.5 Trichloroacetic acid (TCA) precipitation 
The protein component was precipitated by mixing 0.74 g trichloroacetic acid with 5 
mL of sample solution. The solution mixture was kept at 4°C overnight. After the 
solution was centrifuged for 15 minutes at rpm 15000，the supernatant was then 
collected. 
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3.2.6 Bradford Protein Assay 
Sample solution (10 [xL) and protein standards using bovine serum albumin (BSA) 
solution (0.1 mg/mL) (Sigma Chemical Co., St. Louis. Mo., USA) diluted with ultra 
pure water (18MQ) were prepared to a series of standard solutions of 0 (blank), 2.5, 
5.0, 7.5 and 10.0 |ig BSA/mL. Each of the above standard solution (1 mL) was 
mixed with 1 mL of Bradford reagent. They were allowed to stand at room 
temperature for 5 to 30 minutes. The absorbance of each sample was measured at 
595 nm. Al l measurements were performed in triplicate to reduce the measurement 
errors. From a plot of the absorbance versus BSA concentration, the protein 
concentration of the sample was determined and calculated. 
3.2.7 Phenol sulfuric acid assay 
For the time dependence test, 200 |LIL sample solution and 200 \xL phenol solution 
(5g / 100 mL) was mixed, one mL of concentrated sulfuric acid (1.38g / mL) was 
added directly to the solution mixture. The absorbance was determined at 486 run 
every 15 minutes until there was no further change in the absorbance value. For the 
sample quantification, glucose (1 mg/mL) was used to prepare a series of sugar 
standards with concentrations ranging from 0 up to 10.0 mg/mL. Each standard 
solution was mixed with 10 |LIL of sample solution. Phenol solution (200 j iL) was 
added. One ml of concentrated sulfuric acid was added directly to the solution. The 
solution was allowed to stand for 1 hour at room temperature prior to UV-VIS 
analysis. The absorbance was determined at 486 nm. Measurements were performed 
in triplicate. From a plot of the absorbance versus glucose concentration, relative 
sugar concentration of the sample was determined and calculated. 
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3.3 Results and discussion 
3.3.1 Extraction efficiency 
To our best knowledge, no Ganoderma Lucidum standard with known 
polysaccharide content is commercially available. It is therefore difficult, i f not 
impossible, to develop a representative extraction protocol for polysaccharides from 
Ganoderma Lucidum (or any biota). The conventional method of spiking reference 
materials onto a matrix blank is not possible due to the absence of suitable reference 
materials and matrix blank. It was therefore decided to approach the problem by 
monitoring the stepwise extraction efficiency using multiple extraction method. One 
way to monitor the stepwise extraction efficiency involves plotting the weight of 
polysaccharide extract as a function of the number of extraction cycles. However, it 
was found that the volume of filtrate obtained in each extraction cycle varied 
substantially from one cycle to another. The weight of polysaccharide extract at each 
cycle could not be determined accurately. Alternatively, one could monitor the 
concentration of the final extract as a function of the number of extraction cycles. 
This could also provide similar information on the extraction performance of the 
solvent at different extraction cycles. Figure 3.1 shows the concentration of 
polysaccharide extract against extraction cycle using water and DMSO as extraction 
solvents. DMSO was found to be much more effective than deionized water in 
extraction materials from Ganoderma Lucidum. In both cases, the final concentration 
of the extract decreased exponentially with the number of the extraction cycle. Based 
on six cycles of extraction, the percentage extraction yields were roughly 30% and 








































































































3.3.2 Purification of Crude Polysaccharides 
Preliminary MALDI experiments on the crude polysaccharide extracts did generate 
useful spectra with well-defined distribution of peaks corresponding to the different 
oligomers of the polysaccharides. However, the average molecular weight 
information obtained from these preliminary studies was much lower than literature 
values. Even with the MALDI protocol developed in-house involving GPC 
fractionation and MALDI analysis, the situation remains unchanged (see Chapter 4). 
Even with narrowly distributed fractionated polysaccharides, the MALDI 
performance attained in the present case remained inferior as compared to the 
analysis of Curdlan using the same MALDI instrument[62]. The highest mass GPC 
fraction observed in the present MALDI analysis has a number-average molecular 
mass (Mn) of 3,828, whereas the Mn of the highest mass GPC fraction observed for 
Curdlan was 13,051. Apparently, the inferior results obtained in the present MALDI 
analysis could be caused from either the presence of undesirable impurities or the 
poor MALDI response of the polysaccharides being isolated from Ganoderma 
Lucidum. Since we have no access to any polysaccharide standards isolated from 
Ganoderma Lucidum, it was difficult to evaluate the MALDI response of the 
polysaccharides. Much effort has therefore been made on the elimination of 
undesirable impurities from the crude polysaccharides isolated from Ganoderma 
Lucidum. From the literature reports, salt and protein contaminations were known to 
be a problem in the conventional method of polysaccharide extraction from natural 
plants[14，71, 72, 73]. Therefore, attempts have been made to determine the effect of 
salts and protein on the MALDI analysis of the polysaccharides and to develop 




For MALDI analysis of proteins and other biomolecules，high salt concentration has 
been found to suppress the analyte signals[36，74]. Solid phase extraction (SPE) 
using Ziptip technology has been an effective way of eliminating salts from protein 
samples[74]. For polysaccharide purification, dialysis is however a more efficient 
method in purification of polysaccharides. A semi-permeable membrane with regular 
pores forms the core part of dialysis procedure. It allows the passage of small 
molecules, such as salts and small organic contaminants, while retaining the 
high-mass components of the sample. In this project, a semi-permeable membrane 
with a cutoff mass of roughly 1,000 Da was employed. Figure 3.2 (a) and (b) shows 
the positive-ion MALDI mass spectra of crude polysaccharides extract without and 
with dialysis treatment, respectively. No significant difference was found in the 
MALDI analysis of polysaccharide samples with and without dialysis treatment. 
3.3.4 Deproteination 
Since the analytical sensitivity of polysaccharide analysis using MALDI method is 
known to be much lower than that of protein analysis, the presence of protein 
impurities in a polysaccharide sample might lead to suppression of the 
polysaccharide signals. To establish the necessity of removing protein components 
from the crude polysaccharide extract prior to MALDI analysis, a model experiment 
was performed to evaluate the possible suppression effect of the protein components 
on the signal intensity of polysaccharides under MALDI conditions. In this 
experiment, the effect of bovine insulin (as an impurity) on the MALDI signal of 
dextran 5000 was evaluated. Two measurements were performed with 10 and 20 
pmol of dextran loadings. In both cases, an insulin loading of 2 pmol was used. 
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Figure 3.2 Positive-ion MALDI mass spectra of crude 
polysaccharides extract (a) without dialysis and (b) with 
dialysis 
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The matrix system was comprised of a mixture of 2,5-dihydrobenzoic acid (DHB) 
and 3-aminoquinoline (3AQ). This matrix system had previously been identified as 
one of the best matrix systems for the analysis of dispersed dextran sample [61]. 
Figure 3.3 (a) shows representative positive-ion MALDI mass spectra of the pure 
dextran. Figure 3.3 (b) and (c) show positive-ion MALDI mass spectra of a mixture 
of dextran and insulin mixtures. Figure 3.3 (b) has a dextran loading of 20 pmol, 
whereas figure 3.3 (c) has a dextran loading of 10 pmol. In both cases, intense 
signals corresponding to the insulin molecular ions were observed. However, the 
expected envelop of dextran molecular ions could only be found in the case of high 
dextran loading. A 50% reduction of polysaccharide loading led to an almost 
complete quenching of the dextran signals by the insulin component. The observed 
signal suppression effect was tentatively attributed to the relatively high proton 
affinity of the protein components. With a limited supply of alkaline metal ions, such 
as sodium and potassium, the protein components would be preferentially ionized. 
Prior to the evaluation of effective deproteination procedures, simple and sensitivity 
methods for monitoring of the protein and carbohydrate contents were needed. 
3.3.4.1 Monitoring of protein contents 
For protein concentration determination, several methods are available, such as 
Lowry method, bicinchoninate method (BCA method), Biuret method and Bradford 
protein assay. Table 3.1 shows the basic principle and the sensitivity range of wide 
spread methods of quantification of protein concentration. 
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Figure 3.3 Positive-ion MALDI mass spectra of (a) dextran (10 pmol) (b) a 
mixture of dextran (10 pmol) and insulin (2 pmol) and (c) a 
mixture of dextran (20 pmol) and insulin (2 pmol) 
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Table 3.1 Basic principle and sensitivity range for protein 
Concentration determination method 
Method Principle Sensitivity Range 
Biuret Cu^^ peptide bond complex 1 to 10 mg 
Lowry Heavy metal complex with aromatic amino acids 20 to 300 )ag 
Bradford Dye reaction with amino group side chains (Lys) 1 to 100 |Lig 
Bradford protein assay is chosen for the determination of protein concentration in this 
project because of its simplicity, the stability of the color change, and the lack of 
interference from non-protein components. Unlike many other assays, including the 
Lowry procedure, the Bradford assay is not susceptible to interference by a wide 
variety of chemicals present in samples. The notable exception is high concentrations of 
detergents. It is compatible with reducing agents. Reducing agents are often used to 
stabilize proteins in solution. Other protein assay procedures, such as Lowry and BCA 
are not compatible with reducing agents. Moreover, it is commercially available and 
not expensive. Figure 3.4 shows the structure of the protein-binding dye, Coomassie 
brilliant Blue G. It has been utilized for quick and sensitive protein detection known as 
the Bradford protein assay. It depends Coomassie brilliant blue G interacting with 
protein and stains blue under acidic conditions. The staining reaction completes within 
1 minute and the color is stable for 30 minutes. Therefore, protein concentration can 
easily be determined within a few minutes by colorimetric detection. Figure 3.5 shows 
an absorbance spectrum of Coomassie brilliant blue G with and without protein. The 
absorbance shift from 465 run to 595 nm occurs when Coomassie brilliant blue G binds 
to proteins. The maximum change in the absorbance by interaction with protein in the 
absorbance is at 595 nm. [75] The mechanism of the Coomassie dye binding assay has 






















































































































































































protein. Upon addition to a solution of protein, the dye binds to the protein, resulting 
in a color change from a reddish brown to blue. The dye has been assumed to bind to 
protein via electrostatic attraction of the dye's sulfonic acid groups. The binding of 
protein to the anionic form of the Coomassie dye results in an absorbance shift from 
465 to 595 nm. The Coomassie blue reagent has been shown to interact chiefly with 
arginine residues, but weakly with histidine, lysine, tyrosine, tryptophan and 
phenylalanine residues. Vander Waals forces and hydrophobic interactions also 
participate in the binding mechanism. The number of Coomassie reagent ligands 
bound to each protein molecule is approximately proportional to the number of 
positive charges on the protein, about 1.5-3 dye molecules/charge [77]. Figure 3.6 
shows a standard curve of net absorbance versus protein sample concentration. 
Bovine serum albumin (BSA) was used as protein standard. Good linearity (r = 
0.9992 ) was observed in the absorbance spectrum. 
3.3.4.2 Monitoring of carbohydrate contents 
Colorimetric methods have been devised for the determination of total carbohydrate 
content or total reducing sugar content. A number of assays have been developed 
which rely on the action of concentrated sulphuric acid causing hydrolysis of all 
glycosidic linkages and the subsequent dehydration of the monosaccharides released 
to give derivatives of furfural ( e.g. hexoses produce 5-hydroxymethyl 
furfuraldehyde). The dehydration products react with a number of compounds such 
as L-cysteine [78], phenol [79], orcinol [80] and anthrone [81] to give colored 
products. Phenol sulfuric acid assay was chosen for determination of sugar in this 
project because it is simple and universally accepted. However, the time required for 
























































































































































sugar. Therefore, it is necessary to find out the time required for stable color before 
spectrometric measurement. Figure 3.7 shows the absorbance profile depending on 
the reaction time of the extract of Ganoderma Lucidum in phenol-sulfuric acid assay. 
It shows that the color is not stable until one hour after the mix up of phenol, sulfuric 
acid and the sample. Therefore, all sample quantified were allowed to stand for at 
least one hour before spectrometric measurement. The action of concentrated acids 
on sugars leads to effective rearrangements due to multiple dehydration steps 
forming heterocyclic compounds like furfurals and co-hydroxymethylfurfurals. These 
compounds react with phenols at elevated temperatures resulting in the formation of 
colored substances with absorption maximum at 480-490 nm [79]. It changes from 
colorless to orange-yellow color. This reaction is sensitive and the color is stable. 
Total sugar concentrations are readily obtained for homoglycans by phenol sulphuric 
acid assay. It should be noted that different sugars respond to different degrees. So 
care must be taken in interpreting the results obtained with heteroglycans due to the 
different color intensities produced by different monosaccharides. Efforts have been 
made to give more comparable absorbance for total carbohydrates by varying the 
conditions, reaction time and acid strength. These factors were investigated to 
improve agreement between absorbance obtained from different sugars. However, 
there is no perfect agreement with different sugars so far. For the quantification of 
the polysaccharides from the extract in this project, there is no need to find out the 
absolute amount of the polysaccharides. This assay can give the relative amount and 
















































































































































3.3.4.3 Deproteination using Sevag and TCA precipitation methods 
Sevag method was a one of the mildest and well-known methods to remove proteins 
from a solution of polysaccharides, which was introduced by Sevag in 1934. [82] It is 
the most frequently used and traditional method to separate proteins from 
polysaccharides extracted from natural products. [9，12，83] In principle, the proteins 
are denatured by shaking in a chloroform emulsion. Then, they form a gel which 
remains in the water-chloroform interface after centrifugation. A small quantity of 
1-butanol or 1-pentanol always needs to be added in order to facilitate the 
denaturation. However, this technique has been reported not to be effective. It 
removes only small quantities of protein, so it is necessary to repeat it many times. 
At the same time, a significant loss of polysaccharides may result. 
Since the Sevag method is not sufficiently effective, some research groups have tried 
other methods to remove protein, e.g., trichloracetic acid (TCA) method. The protein 
in the polysaccharide extract is removed by trichloractic acid. Precipitation of protein 
occurs when TCA is added. They claimed that the TCA method not only reduces the 
loss of polysaccharide but also increase the removal ratio of the protein. [84] 
Therefore, sets of experiment have been carried out to find out the effectiveness of 
Sevag method and TCA method and a comparison has been made. 
To obtain more accurate results, the standard addition method for quantification of 
protein and sugar has been adopted. Figures 3.8 and 3.9 respectively show the 
standard addition calibration of sugar and protein concentration from Ganoderma 
Lucidum extract. After adjusting with the dilution factor, the relative concentrations 























































































































































































































































































Table 3.2 Protein and sugar loss of Sevag method 
Extraction Sugar concentration Percentage loss Protein Percentage 
Cycle (mg/ml) of sugar (%) concentration loss of 
(mg/ml) protein (%) 
0 2.31 0 0.25 0 
1 1.83 21 0.0575 77 
2 1.61 30 0.0464 81 
3 1.36 40 0.0210 92 
Table 3.3 Protein and sugar loss of TCA method 
Precipitation Sugar concentration Percentage loss Protein Percentage 
Cycle (mg/ml) of sugar (%) concentration loss of 
(mg/ml) protein (%) 
0 2.31 0 0.25 0 
1 1.93 16 0.250 91 
2 1.66 28 0.0079 97 
The TCA method was adopted to the removal of protein of the sample extract. 
However, no significant increase in signal intensity and resolution were observed. It 
was concluded that the Sevag method can be replaced by the TCA method, which 
was proven to be more effective in removal of protein from the polysaccharides 




From the result obtained in this study, it is found that most of the polysaccharides 
should be extracted for six cycles, which is applicable for both water and DMSO as 
solvent. It has been proved that protein would suppress the signal of polysaccharides 
in MALDI analysis. Much effort has been put on desalting and deproteination for the 
purification of crude polysaccharides. It has been found that TCA method is more 
effective as it conserves more sugar and removes more protein. Therefore, TCA 
method is recommended rather than traditional Sevag method because of its 
efficiency and easy handling. 
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Chapter 4 
Evaluation of MW and MWD of water-soluble 
polysaccharides extracted from Ganoderma Lucidum 
4.1 Introduction 
Matrix-assisted laser desorption / ionization time-of-flight mass spectrometry 
(MALDI-TOFMS) is a powerful technique for measuring the molecular weight 
information of large biomolecules. For mono-disperse biomolecules, such as proteins 
and DNA fragments, the molecular weight information can simply be deduced from 
the mass of the molecular ions minus the mass of the charge carrier (or plus an 
electron) depending on the modes of ionization. However, situation becomes more 
complicated for polydisperse molecules, such as synthetic polymers and 
polysaccharides. The molecular weight information includes contributions from 
masses and the relative abundances of various polymeric components. Although the 
masses of different polymeric components can accurately be determined, accurate 
measurement of the relative abundance information for these components using 
M A L D I method (or other mass spectrometric methods) remains difficult, i f not 
impossible. Several research groups have examined of the reliability of the MW and 
MWD measurements of polymeric materials of MALDI-TOF Mass Spectrometry. It 
is generally believed that direct MADLI-MS measurement cannot accurately 
determine molecular weight distributions of disperse polymers with polydispersity 
values of〉1.3 [85，86]. Substantial mass discrimination was observed for highly 
dispersed samples [87]. Many factors have been identified to cause the observed 
mass discrimination. Instrumental parameters include acceleration potential, 
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ion-electron conversion efficiency of the detector and detector saturation [88-90]. 
Intrinsic properties of the MALDI process, such as formation of multimers, 
multiply-charged ions, charge-carrier effects, have also been shown to cause 
discrimination in polymer analysis [91]. Even the sample drying process has also 
been shown to cause stratification of sample along the crystal lattice [61]. High-mass 
components were believed to deposit from the solution prior to the low-mass 
components because of their intrinsic solubility differences. For polymer samples 
with small polydispersity (<1.2)，these factors have no significance effect on the 
observed molecular weight distribution. However, as the polydispersity of the 
polymer increases (>1.2)，these factors become more important. These mass 
discrimination effects would eventually lead to a distortion of the peak distribution 
toward low-mass region and a truncation of the high-mass signals. 
One way to overcome the aforementioned mass discrimination effect in the analysis 
of disperse polymers involves the online or offline coupling of MALDI mass 
spectrometry method with size exclusion chromatography. Size exclusion 
chromatography (SEC) is a technique relying on the size property (or hydrodynamic 
volume) of individual polymer components for separation. When coupled with a 
suitable detector, such as UV-visible absorption or light scattering detector, SEC can 
be a very useful technique to measure molecular weight and molecular weight 
distribution for polymer samples. However, the accuracy of MW and MWD 
measurement depends critically on the availability of reference standard for 
calibrating the retention time against the molecular weight. To the best of our 
knowledge, reference standard for polysaccharides isolated from Ganderma Lucidum 
is not commercially available. Using conventional polysaccharide standards, such as 
dextran, large error in the MW and MWD determination might be resulted from 
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direct SEC analysis. Since mass spectrometry is a molecular weight measurement 
method requiring only reference standards of known masses, it can provide precise 
and accurate mass marking for monodisperse and narrowly disperse samples. It is 
therefore possible to calibrate the retention time of a SEC separation using 
MALDI-MS analysis of the narrowly dispersed SEC fractions. A complication might 
arise due to the limited accessibility of the MALDI method for very high mass 
polymer fractions. However, such information could be effectively extracted from 
the extrapolation of a plot of the In (M„ ). versus SEC retention time (t,), where 
). are available data obtained directly from the MALDI-MS measurements. 
With proper calibration of the SEC separation, the MW and MWD information of the 
polysaccharides can be determined. This hyphenated method had previously been 
used in our research group for the MW and MWD determination of a bioactive 
polysaccharide, Curdlan. 
This Chapter focuses on the application of this SEC-MALDI method on the MW and 
MWD determination of the polysaccharides isolated from Ganoderma Lucidum. 
Since the raw materials were purchased in local market and were not certified by any 
authorities for their origins, no attempt was made to compare the present results with 
the literature values. The essence of this study was to develop an effective analytical 
protocol based on MALDI-MS for characterization of the water-soluble 
polysaccharides from herbal medicines (such as Ganoderma Lucidum). Further 
experiments might be needed to validate the MW and MWD information when 
standard reference materials become available. In the present study, special emphasis 
has also been placed on the MW and MWD information for samples obtained from 
the same mushroom source but with different extraction procedures. 
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4.2 Experimental 
Water-soluble polysaccharides from Ganoderma Lucidum was repeatedly extracted 
using deionized water and DMSO as described in Section 2.2.1 and 2.2.2， 
respectively. The extracts were fractionated by gel permeation chromatography as 
described in Section 2.2.3. Phenol / sulfuric acid assay was used to monitor the 
I 
progress of fractionation. 
4.2.1 Aqueous DHB matrix 
20.0 mg DHB was dissolved in 1.0 mL ultra-pure water under sonication to 
form the matrix solution (130 mM). It was then mixed with the analyte solution in 
10:1 ratio (v:v) in an Eppendorf. Matrix/analyte solution (0.5 |jL) was applied onto 
the sample plate and was dried under a stream of warm air in a dry box. 
4.2.2 Aqueous DHB/NH4F matrix 
20.0 mg DHB and 9 mg NH4F were dissolved in 0.5 and 1 mL ultra-pure water 
(ISMH), respectively. DHB solution, NH4F solution and water were mixed in 5:1:4 
(v: v) to form the matrix solution. The overall concentration of DHB and NH4F in the 
matrix solution was 0.13 M and 0.024 M, respectively. It was mixed with the analyte 
solution in 10:1 (v: v) in an eppendorf. Matrix/analyte solution (0.5 |iL) was applied 
onto the sample plate and was dried under a stream of warm air in a dry box. 
4.2.3 Aqueous DHB matrix in TA solution 
"TA" solvent mixture (1 mL) was prepared by mixing 666 |jL ultra pure water, 333 
58 
M-L acetonitrile and 1 |iL of trifluoroacetic acid. The sample preparation method 
described in 4.2.1 was adopted with the exception that ultra pure water was replaced 
by TA solution. 
4.2.4 Aqueous DHB/NH4F matrix in TA solution 
The sample preparation method described in 4.2.2 was adopted with an exception 
that ultra pure water was replaced by TA solution. 
4.2.5 Aqueous DHB/NH4F matrix with sodium salt in TA solution 
On top of the aqueous DHB/NH4F matrix solution described in 4.2.4, sodium 
chloride salt was added to a final concentration of 10 mM. 
4.2.6 Aqueous DHB/NH4F matrix with potassium salt in TA 
solution 
On top of the aqueous DHB/NH4F matrix solution described in 4.2.4, potassium 
chloride salt was added to a final concentration of 10 mM. 
4.2.7 Fractionation of water-soluble polysaccharide extracted by 
DMSO by Gel Permeation Chromatography (GPC) 
Similar procedures were carried out as described in 2.2.1 and 2.2.2. Powdered 
Ganoderma Lucidum (10 g) was washed with ethanol and then extracted with DMSO 
(100 mL, 3 hours) at 80 °C. The extraction was repeated three times and the extract 
of each cycle was collected individually. Three samples of one cycle, two cycles and 
three cycles were prepared for fractionation using gel permeation chromatography. 
25 0/0 (0.49 g) of polysaccharides extracted from first cycle was prepared as the "one 
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cycle" sample. 25 % (0.49 g) and 25 % (0.28 g) of polysaccharides extracted from 
first cycle and second cycle, respectively combined together was prepared as the 
"two cycles" sample. 50 % (0.99 g)，50 % (0.56 g) and 50% (0.20 g) of 
polysaccharides extracted from first cycle, second cycle and third cycles, 
respectively combined together was prepared as the "three cycles" sample. 
Separation of the water-soluble and water-insoluble fraction was performed by 
back-extracting the polysaccharides using deionized water as described in 2.2.2 The 
lyophilized samples was dissolved in the minimum amount of deionized water. The 
sample solution was applied to the column for separation as described in 2.2.3. 
4.2.8 Ultra-violet absorption spectrometry (UV-VIS) 
Phenol sulfuric acid assay was adopted to determine the quantity of sugar presented 
in each fraction. Sample solution was diluted appropriately with deionized water to 
200 pL solution. It was then mixed with 200 pL phenol solution (5g / 100 mL). One 
mL of concentrated sulfuric acid (1.38g / mL) was added into the solution. The 
solution was shaken vigorously and was allowed to stand for one hour at room 
temperature. The absorbance of the resulting solution was determined at 486 nm. Al l 
measurements were conducted in triplicate to reduce the measurement errors. 
4.3 Results and discussion 
4.3.1 Development of matrix and solvent system for water-soluble 
polysaccharides 
Finding a suitable matrix analyte combination and sample preparation method has 
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been one of the most important concerns in using MALDI-MS for the 
characterization of polymers and for the determination of MW and MWD 
information. Selection of appropriate chemicals for use as matrix remains by-large 
trial-and-error. There are relatively few reports on the MALDI analysis of 
carbohydrates. For water-soluble polysaccharides, effective matrix systems have 
been developed for use in the MALDI analysis of dextran [61] and curdlan [62]. 
Much of the initial effort was placed on the development of effect matrix systems for 
analysis of water-soluble polysaccharides isolated from Ganoderma Lucidum. 
Consistent with literature findings, 2,5-dihydroxybenzoic acid (2,5-DHB) based 
matrices have shown to be the most effective in analyzing polysaccharides among 
various classes of matrix systems. In this section, the effect of co-matrices and 
solvent on the effectiveness of 2,5-DHB matrix on the analysis of our target 
polysaccharides was evaluated. Figure 4.1(a) and (b) show the positive-ion MALDI 
mass spectra of unfractionated polysaccharides extract using neat 2,5-DHB and 
2,5-DHB/NH4F matrices, respectively. In both spectra, two ion series was found. 
Based on the mass difference of these ion series (i.e. 16 Da), they were attributed to 
the sodiated and potassiated molecular ions. The peak-to-peak difference was 162 Da 
which is consistent with the mass of sugar repeating unit. For dextran analysis, 
addition of ammonium fluoride as co-matrix has previously been shown to reduce 
the degree of fragmentation [61]. However, it can be seen from Figure 4.1(b) that the 
addition of ammonium fluoride did not have significant improvement in the quality 
of the spectrum. However, the sample homogeneity has been improved substantially. 
Improvement was reflected from the ease of acquiring reproducible spectra without 
much effort in searching for "sweet-spots". 
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Solvent system has been shown to affect the overall sample morphology and thus the 
efficiency of the MALDI analysis [40，43]. Figure 4.1(c) and 4.1(d) show the 
positive-ion MALDI mass spectra of unfractionated polysaccharides extracted by 
ultra pure water using neat 2,5 -DHB and 2,5 -DHB / NH4F matrices in TA solution, 
respectively. TA solution is solvent mixture prepared by mixing ultra pure water and 
acetonitrile in 2:1 (v/v) ratio with an overall 1% trifluoroacetic acid. In both cases, 
the overall signal intensity of the analyte ion was higher as compared to those 
samples prepared using ultra pure water. The signal enhancement was tentatively 
attributed to (a) the high volatility of the TA solution and (b) the higher solubility of 
2,5-DHB in TA solution. High volatility of solvent leads faster rate of sample 
crystallization under similar drying conditions. The sample deposits formed were 
found to have better homogeneity and thus giving rise to enhanced signal 
reproducibility. Together with the high solubility of 2,5-DHB molecules in TA 
solution, the matrix and analyte molecules would remain in solution until the very 
last moment of drying. With a lesser extent of matrix-analyte segregation, better 
matrix-assisted desorpiton and ionization efficiency was expected. 
As is shown in Figure 4(a)-(d) and other literature reports [92], the major charging 
channel of polysaccharide molecules under MALDI conditions is cationization 
(rather than protonation). Normally, these cations were not intentionally added and 
were present as impurities in glassware, solvents, reagents, etc.. This demonstrated 
that the polysaccharides generally have relatively high cation affinity. The effect of 
salt additive on MALDI analysis of polysaccharides was also investigated. Figure 
4.1(e) and 4.1(f) show the positive-ion MALDI mass spectra of unfractionated 
polysaccharides extracted by ultra pure water using 2,5 -DHB / NH4F matrices in 






























































































































































































































































































































































these spectra, it was noted that addition of sodium salt suppressed the formation of 
potassiated molecular ions, and vice versa. In both cases, substantial enhancement of 
the analyte ion intensity was found. Attempts to further improve the sensitivity by 
using higher salt loading were not successful. From the formation of larger crystals, 
it was postulated that high salt loading might to severe matrix-analyte segregation 
and thus degrading the spectral quality. Another property associated with 
cationization of polymeric substance is related to the shift of the molecular weight 
distribution. The molecular weight distribution of a polymer was found to shift to 
high-mass side with the use of high-mass metal ions as cationization reagent [93]. 
Having corrected for the mass of the metal ion, the MWD information of potassiated 
polymer ( Polymethyl methacrylate, PMMA) obtained under MALDI conditions 
was found to give the best agreement with that obtained from SEC method [93]. 
In summary, a matrix system comprising 2,5-DHB, NH4F and KCl in TA solution 
gave the best MALDI performance for analysis of polysaccharides isolated from 
Ganoderma Lucidum. This matrix system was then adopted for subsequent 
evaluation of the MW and MWD information for water-soluble polysaccharides. 
4.3.2 MW and MWD of water-soluble polysaccharides extracted 
from Ganoderma Lucidum 
Proper evaluation of the MW and MWD information of polysaccharides from 
bioactive sources requires the use of suitable extraction and isolation method. In this 
section, two extraction procedures were evaluated. In the first procedure, 
Ganoderma Lucidum was extracted using deionized water under reflux conditions. 
This procedure is a mimic of the usual decoction method in formulating Chinese 
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medicine. The second procedure involves the use of DMSO as primary extraction 
solvent. DMSO is known to have very high penetration power and is capable of 
simultaneously extracting both water-soluble and water-insoluble polysaccharides. 
By using back-extraction method, water-soluble polysaccharides can be recovered. 
In this experiment, the MW and MWD of water-soluble polysaccharides obtained 
from 1，2 and 3 cycles of back-extraction were evaluated. 
4.3.2.1 Water Extraction 
A total of 70 fractions were collected from the gel permeation chromatography of 
the crude water-soluble polysaccharides using Sephedax-75 column with water as 
eluent. The carbohydrate content of each fraction was qualitatively assessed by 
using phenol-sulfuric acid test during the elution. Table 4.1 summarizes the elution 
time and the measured molecular weight information. Fractions 17 to 67 were found 
to have positive responses whereas fractions 1 to 16 have negative responses. Only 
fractions 51-55 gave useful spectral information under MALDI conditions. The 
number-average molecular weight information were also summarized in Table 4.1. 
Figure 4.2 shows a plot of GPC elution volume against I n ( M n ) for fractions 51 - 55, 
where Mn was the number-average molecular weight of the polysaccharides fraction 
measured using MALDI-TOFMS. A good correlation coefficient was obtained (r^ = 
0.9974). The Mn for the rest fractions were calculated by the extrapolating the 
regression line. 
In order to reconstruct the molecular weight profile for the polysaccharide extract, it 
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Table 4.4 Elution volume and the measure molecular weight 
information for water-soluble polysaccharides extracted 
with DMSO (three cycles) 
Elution 
Fraction Calculated Normalized Normalized 
volume Mn Mw P.D. In(Mn) 
No. Mn absorbance abundance 
(ml) 
1-16 40.0 -- — -- — — --
17 42.5 11,079 0.010 0.011 
18 45.0 10,524 0.078 0.013 
19 47.5 9,998 0.218 0.039 
20 50.0 9,497 0.495 0.094 
21 52.5 9,022 0.643 0.129 
22 55.0 8,571 0.811 0.172 
23 57.5 8,142 0.885 0.195 
24 60.0 7,734 0.753 0.176 
25 62.5 7,347 0.615 0.150 
26 65.0 6,980 0.495 0.127 
27 67.5 6,630 0.425 0.117 
28 70.0 6,298 0.386 0.112 
29 72.5 5,983 0.335 0.102 
30 75.0 5,684 0.277 0.087 
31 77 5 5,399 0.317 0.106 
32 80.0 5,129 0.308 0.109 
33 82.5 4,872 0.314 0.115 
34 85.0 4,629 0.286 0.112 
35 87.5 4,397 0.285 0.116 
36 90.0 4,177 0.292 0.129 
37 92.5 3,968 0.324 0.148 
38 95.0 3,769 0.372 0.178 
39 97.5 3,581 0.389 0.194 
40 100.0 3,401 0.415 0.228 
41 102.5 3,231 0.488 0.283 
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4 2 1 0 5 . 0 3 , 0 7 0 0 . 5 1 1 0 . 3 1 2 
43 107.5 2,916 0.565 0.366 
44 110.0 2,770 0.613 0.396 
45 112.5 2,631 0.715 0.492 
46 115.0 2,500 0.798 0.585 
47 117.5 2,375 0.827 0.650 
48 120.0 2,256 0.879 0.744 
49 122.5 2,143 0.962 0.814 
50 125.0 2,036 0.994 0.911 
51 127.5 1,937 2,129 1.10 7.569 1,934 1.000 1.000 
52 130.0 1,840 2,025 1.10 7.518 1,837 0.885 0.885 
53 132.5 1,738 1,902 1.09 7.460 1,745 0.749 0.824 
54 135.0 1,651 1,781 1.08 7.409 1,658 0.532 0.585 
55 137.5 1,583 1,695 1.07 7.367 1,575 0.453 0.554 
56 140.0 1,496 0.348 0.426 
57 142.5 1,421 0.234 0.322 
58 145.0 1,350 0.163 0.224 
59 147.5 1,282 0.120 0.189 
60 150.0 1,218 0.049 0.077 
61 152.5 1,157 0.048 0.075 
62 155.0 1,099 0.025 0.047 
63 157.5 1,044 0.018 0.033 
64 160.0 992 0.013 0.023 
65 162.5 942 0.012 0.026 
66 165.0 895 0.010 0.021 



















































































































was necessary to convert the relative absorbance values of these polysaccharide 
fractions into their relative abundances (i.e. in terms of number of molecules or 
number of moles of molecules). Since absorbance is a weight-average property 
which depends on both the number and the size of the molecules, a mass-dependent 
conversion factor is needed. From the MADLI results obtained, the average 
molecular weight for each polysaccharide fraction could be obtained, either by 
implicit MALDI measurements or by extrapolation from the calibration equation. 
Knowing the mass of each oligomer residue (i.e. 162 Da), the relative number of 
polysaccharide molecules in these GPC fractions could be calculated using the 
equation 4.1，as shown: 
[ K 丨 I 
1162 J 
where Ni is the relative number polysaccharide molecules for fraction i, A/ is the UV 
absorbance at 490 nm of fraction i, and M„i is the number-average molecular mass of 
fraction i. After normalization against the highest abundance fraction, the relative 
abundance (arbitrary unit) information for the various polysaccharide fractions was 
also summarized in Table 4.1 and was plotted against the number-average molecular 
weight information to form the reconstructed molecular weight profile. This profile 
is shown in Figure 4.3. It was interesting to find that the distribution of oligomers of 
the water-soluble polysaccharides was not normal in shape, but in bimodal shape. 
From the reconstructed profile, the number-average molecular weight (Mn), 
weight-average molecular weight (Mw) and polydispersity (P.D.) were found to be 
4152, 2899 and 1.43，respectively. 
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4.3.2.2 DMSO Extraction Followed By Water Back-Extraction 
Table 4.2, 4.3 and 4.4 summarize the elution time and the measured molecular 
weight information for polysaccharides obtained by 1, 2 and 3 cycles of water 
back-extraction. Figure 4.4 to 4.6 show the corresponding calibration plot of GPC 
elution volume versus / « ( M n ) , where M n was the number-average molecular weight 
of the polysaccharides fraction measured using MALDI-TOFMS. In all cases, good 
correlation coefficients (R > 0.99) were obtained. In order to make visual 
comparison on the polysaccharide distribution obtained by different number of 
back-extraction cycle, the reconstructed molecular weight profiles were computed 
and were shown in Figure 4.4. Consistent with the polysaccharide distribution 
obtained using water extraction, all profiles obtained from back-extraction of the 
DMSO extract possess bimodal distribution. The average molecular weight 
information, i.e. Mn, Mw and P.D. were calculated and summarized in Table 4.5. As 
expected that both Mn and Mw increase with the number i f back-extraction cycle. 





































































































































































Table 4.4 Elution volume and the measure molecular weight 
information for water-soluble polysaccharides extracted 
with DMSO (three cycles) 
Elution 
Fraction Calculated Normalized Normalized 
volume Mn Mw P.D. In(Mn) 
No. Mn absorbance abundance 
(ml) 
1-12 60 -- -- -- -- - -- -
13 65 -- -- -- -- 16,384 0.032 0.002 
14 70 -- -- -- -- 13,611 0.184 0.012 
15 75 -- -- -- -- 11,307 0.481 0.038 
16 80 -- -- -- -- 9,393 0.363 0.035 
17 85 -- - -- -- 7,803 0.262 0.030 
18 90 - -- -- -- 6,482 0.234 0.032 
19 95 -- 5,385 0.232 0.038 
20 100 -- -- - -- 4,473 0.232 0.047 
21 105 -- 3,716 0.225 0.056 
22 110 -- 3,087 0.269 0.077 
23 115 -- 2,565 0.308 0.112 
24 120 2,157 2,327 1.08 7.68 2,130 0.406 0.171 
25 125 1,764 1,911 1.08 7.48 1,770 0.479 0.262 
26 130 1,455 1,579 1.08 7.28 1,470 0.706 0.428 
27 135 1,184 1,255 1.06 7.08 1,221 0.856 0.668 
28 140 1,048 1,090 1.04 6.95 1,015 1.000 0.911 
29 145 - 843 0.915 1.000 
30 150 -- -- -- -- 700 0.710 0.969 
31 155 -- 582 0.339 0.617 
32 160 -- 483 0.126 0.346 
33 165 -- 401 0.034 0.092 
34 170 -- -- -- -- 333 0.007 0.020 
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Table 4.3 Elution volume and the measure molecular weight 
information for water-soluble polysaccharides extracted 
with DMSO (two cycles) 
Fraction Elution Calculated Normalized Normalized 
Mn Mw RD. In(Mn) 
No. vol. (ml) Mn absorbance abundance 
1 - 1 3 5 2 产 / / / / / / 
14 56 / / / / 16,059 0.031 0.003 
15 60 I I I / 14,227 0.236 0.023 
16 64 / / / / 12,603 0.691 0.077 
17 68 / / / / 11,165 0.720 0.035 
18 72 I I I / 9,890 0.572 0.030 
19 76 I I I / 8,762 0.382 0.032 
20 80 / / / / 7,762 0.249 0.038 
21 84 I I I / 6,876 0.228 0.047 
22 88 / / / / 6,091 0.237 0.056 
23 92 / / / / 5,396 0.232 0.077 
24 96 I I I ! 4,780 0.237 0.112 
25 100 I I I / 4,234 0.262 0.171 
26 104 / / / / 3,751 0.355 0.262 
27 108 I I I / 3,323 0.433 0.428 
28 112 I I I / 2,944 0.552 0.668 
29 116 I I I / 2,608 0.621 0.911 
30 120 I I I / 2,310 0.786 1.000 
31 124 I I I / 2,047 0.858 0.969 
32 128 2,360 2,599 1.10 7.766 1,813 0.963 0.617 
33 132 2,033 2,295 1.13 7.617 1,606 1.000 0.958 
34 136 1,794 2,086 1.16 7.492 1,423 0.928 1.000 
35 140 1,574 1,778 1.13 7.362 1,260 0.699 0.860 
36 144 1,434 1,587 1.11 7.268 1,117 0.506 0.726 
37 148 1,259 1,363 1.09 7.138 989 0.314 0.451 
38 152 1,104 1,173 1.06 7.007 876 0.162 0.280 
39 156 1,009 1,047 1.04 6.917 776 0.071 0.153 
40 160 / / / / 688 0.029 0.063 
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Table 4.4 Elution volume and the measure molecular weight 
information for water-soluble polysaccharides extracted 
with DMSO (three cycles) 
Elution 
Fraction , 、， 、， —，，、，、C a l c u l a t e d Normalized Normalized 
volume Mn Mw RD. In(Mn) 
No. Mn absorbance abundance 
(ml) 
1-11 65 -- -- -
12 70 59,062 0.033 0.001 
13 75 47,038 0.423 0.017 
14 80 37,461 0.668 0.034 
15 85 29,835 0.409 0.027 
16 90 23,761 0.222 0.018 
17 95 18,923 0.247 0.025 
18 100 15,071 0.228 0.029 
19 105 12,002 0.245 0.040 
20 110 9,559 0.280 0.057 
21 115 7,613 0.311 0.080 
22 120 6,063 0.413 0.135 
23 125 4,829 0.556 0.231 
24 130 3,828 4,011 1.05 8.250 3,845 0.715 0.374 
25 135 3,124 3,299 1.05 8.047 3,063 0.844 0.565 
26 140 2,479 2,666 1.08 7.816 2,439 1.000 0.803 
27 145 1,882 2,056 1.09 7.540 1,942 0.874 0.878 
28 150 1,520 1,641 1.08 7.326 1,547 0.747 1.000 
29 155 1,193 1,269 1.06 7.084 1,232 0.466 0.803 
30 160 1,031 1,070 1.04 6.939 981 0.174 0.348 
31 165 781 0.082 0.247 













































































































































































































































































































































































































































































































































































































From the results obtained in this study, it is found that using DMSO as a solvent 
does not lead to different molecular weight information for water-soluble 
polysaccharides of Ganoderma Ludicum. Therefore, using deionized water as a 
solvent to extract water-soluble polysaccharides from Ganoderma Lucidum is more 
recommended rather than DMSO because of the simplicity of the extraction 
procedure. Moreover, the extraction process has close resemblance to the traditional 












































































































































Our research group has previously developed MALDI sample preparation protocol 
for analysis of water-soluble polysaccharides, i.e. Dextran and Curdlan. In this 
project, characterization of MW and MWD of natural polysaccharides isolated from 
herbal medicines were analyzed by MALDI TOF MS. Water-soluble polysaccharides 
were extracted from a Chinese mushroom, Ganoderma Lucidum. Polysaccharides of 
Ganoderma Lucidum were known to have medical values and widely adopted in 
Chinese medicine. Deionized water and DMSO were used as a solvent to extract 
polysaccharides from the plant. An extraction and purification method of 
water-soluble polysaccharides from Ganoderma Lucidum was developed. 
Sevag method is a traditional and widely used method to remove protein. In this 
project, trichloracetic acid precipitation was adopted and compared to Sevag method. 
To compare two methods, both the removal of protein and loss of carbohydrates 
were considered. Phenol sulfuric acid assay was adopted for the quantification of 
carbohydrates retained, while Bradford Protein Assay was adopted for the 
quantification of protein removal. Similar percentage losses of protein were found 
for the two deproteination methods. However, it was shown that more carbohydrates 
have been lost by using the Sevag method. It is concluded that TCA precipitation 
method is more effective and also time saving. Protein depleted sample was then 
analyzed by MALDI TOF MS, but no significant improvement was made in the 
quality of the spectra. 
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Similar sample preparation protocol used in Curdlan and Dextran was applied to the 
water-soluble polysaccharides extracted from Ganoderma Lucidum. Aqueous 2,5-
dihydroxybenzoic acid (DHB) / ammonium fluoride (NH4F) matrix added with 
potassium salt in TA solution was mixed with the sample and dried under air in a dry 
box. Direct measurement of the MW and MWD information for polydisperse sample 
was known to be unreliable due presumably to the large differences in the desorption 
/ ionization and detection efficiencies among components of different masses. 
Therefore, MALDI TOF MS coupling with gel permeation chromatography was 
adopted. The polydisperse sample was separated to less disperse and narrowly 
distribution fractions by GPC. MALDI TOF MS was used to calibrate the mass 
against the elution volume without any reference materials. This information 
combined with the conventional quantitative method, i.e. UV-VIS study in this 
project, can deduce the MW and MWD of the water-soluble polysaccharides from 
Ganoderma Lucidum extracted both by deionized water and DMSO. 
The Mw, Mn, and RD. of the water-soluble polysaccharides extracted directly with 
deionized water were measured to be 4152, 2899 and 1.43, respectively. For the 
water-soluble polysaccharides back-extracted from DMSO extract, the Mw, Mn, and 
RD. were found to be 5166, 2934 and 1.76, respectively. Comparing these two 
extraction procedures, the DMSO extraction gave slightly higher average molecular 
weights and larger polydispersity. Our findings are consistent with the strong solvent 
strength of DMSO towards polysaccharides and higher penetration power of DMSO 
through the plant tissue. 
8 2 
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